Although better science and technology has been linked with better health care, however, reality is much different. Although America and most of Europe are equipped with most advanced science and technology, paradoxically cancer incidence is highest in the world. This indicates that science and technology alone is not sufficient in treating diseases like cancer. It is also now well recognized that more than 95% of the drugs/compounds that kill either cancer cells in culture or regress the tumors in animals, fail in phase I clinical trials in humans, indicating that most pre-clinical models of cancer are inadequate. In addition, most of the anticancer drugs that are approved by the regulatory agencies such as FDA either has no effect on the overall survival of the cancer patient or may provide an increase in few months in overall survival. This is despite the fact that most targeted therapies that are currently available are highly expensive; thus suggesting the lack of affordability. This review is meant to focus on some of these problems in detail and then provide potential solutions since most cancers are caused by multiple genes, and thus multi-targeted therapies are needed such as natural products which are inexpensive, safe and have been used for thousands of years for both prevention and treatment of cancer.
Introduction
Cancer is a group of more than 200 neoplastic diseases, caused by diverse deregulated cell signaling cascades. 1 It represents the leading causes of morbidity as well as mortality across the globe and over the coming two decades, its incidence is predicted to increase by approximately 70%. 2, 3 Among all the cancers, lung cancer is reported to be most commonly diagnosed one followed by female breast cancer, prostate cancer, and colorectal cancer. Notably, lung cancer also represents the most common cause of death due to cancer followed by colorectal cancer, stomach cancer, and liver cancer. 4 Further, lung cancer is the most common cancer and the leading cause of cancer death among males, whereas breast cancer is the most commonly diagnosed cancer and the leading cause of cancer death among females. 4, 5 Consumption of tobacco and alcohol, obesity, insufficient physical activity, exposure to ultraviolet radiation, and various dietary factors which include insufficient fruit, non-starchy vegetables, and fiber; red/processed meat are predicted to be strongly associated with the risk of diverse cancer types. [6] [7] [8] Cancer occurs as a result of the dysregulation of as many as 500 different genes which may
Impact statement
The success rate for cancer drugs which enter into phase 1 clinical trials is utterly less. Why the vast majority of drugs fail is not understood but suggests that preclinical studies are not adequate for human diseases. In 1975, as per the Tufts Center for the Study of Drug Development, pharmaceutical industries expended 100 million dollars for research and development of the average FDA approved drug. By 2005, this figure had more than quadrupled, to $1.3 billion. In order to recover their high and risky investment cost, pharmaceutical companies charge more for their products. However, there exists no correlation between drug development cost and actual sale of the drug. This high drug development cost could be due to the reason that all patients might not respond to the drug. Hence, a given drug has to be tested in large number of patients to show drug benefits and obtain significant results.
happen over a very long duration of time (20-30 years) till the symptoms become apparent. 1 Large-scale sequencing of human cancer genome has revealed 1007 somatic mutations in 274 megabases of DNA which corresponds to the coding exons of 518 protein kinase genes in 210 different human cancers comprising of 169 primary tumors, two early cultures, and 39 immortal cancer cell lines. The majority of the somatic mutations are predicted to be ''passengers'' with no role in the development of cancer, whereas "driver" mutations were well evinced to play role in oncogenesis. 9 These mutations can be of different classes such as missense mutations, silent mutations, nonsense mutations, frame-shift mutations, insertions/deletions, and non-coding mutations. Among these, single nucleotide mutations are most common in kidney clear-cell carcinoma, hepatocellular carcinoma, acute myeloid leukemia, colorectal carcinoma, glioblastoma multiform, and endometrial carcinoma excluding the serous-like subtype. On the other hand, majority of lung and head and neck squamous cell carcinomas and all serous ovarian and breast carcinomas display copy-number variations. 10 Notably, not only the variants in protein-coding regions of the genome but also the somatic and germline variants occurring in non-coding parts play important role in promoting tumorogenesis by affecting gene expression through diverse mechanisms. 11 An integrative analysis of a total of 930 tumor whole genomes and matched transcriptomes identified a network of 193 non-coding loci in which mutations were found to disrupt the expression of target gene. 12 Clustered regularly interspaced short palindromic repeats (CRISPR) barcoding also offers a well-suited method to functionally annotate specific mutations and study the sub-clonal mutations' dynamics in heterogeneous tumor populations. 13 A recent meta-analysis performed at the Broad Institute which includes 2957 whole exomes and 126 whole genomes from 27 cancer types clearly depicted the mutational heterogeneity in diverse cancer types. 14 Further, Roerink et al. carried out a study to examine the nature as well as extent of intratumor diversification by characterizing organoids obtained from various single cells from three colorectal cancers and adjacent normal intestinal crypts. They found that colorectal cancer cells exhibited mutational diversification with more somatic mutations compared to normal colorectal cells. 15 Cancer progresses in a stepwise fashion where the initiated cells, nodules, polyps or the development of papillomas progress further leading to more malignant condition. As mentioned, altered gene expression and their aberrant function are the key features of cancer. The alteration of proto-oncogenes into oncogenes may give rise to malignancy. Further, mutations can also convert proto-oncogenes into carcinogenic oncogenes. 16, 17 For instance, mutations in ras gene is observed in diverse tumors with varied incidence rate. Mutations in 12, 13, or 61 codon of one of the three ras genes namely, K-ras H-ras, and N-ras convert them into active oncogenes. Importantly, the highest incidences have been reported in adenocarcinomas of the pancreas (90%), whereas 50% in the colon and thyroid tumors and 30% in case of lung tumors and myeloid leukemia. 18 Further, activation of nuclear factor kappa B (NF-jB) has also been linked with multiple processes in cancer cells such as proliferation, invasion, metastasis, angiogenesis, chemoresistance, and radioresistance. 17, 19, 20 Another important signal which is reported to get overactivated in diverse range of tumors is phosphatidylinositol 3,5 trisphosphate production by phosphatidylinositol 3-kinase (PI3K), which in turn elicits a cascade of cellular responses including growth, proliferation, survival, and motility of cells ultimately leading to tumor progression. 21 Further, dysregulation of the Keap1-Nrf2 pathway which is actively involved in the regulation of cytoprotective responses to oxidative and electrophilic stress was also reported in cancer cells. 22 Again, Wnt signaling is another key cascade involved in the regulation of development and stemness, was found to play predominant role in different cancer types. 23 In addition, different oxygen-derived species like hydrogen peroxide, superoxide radical, hydroxyl radical, and singlet oxygen are implicated to have active role in carcinogenesis. 16 Furthermore, germline polymorphisms or mutations in DNA damage response (DDR) genes may also lead to the development of cancer. 24 Problems with pre-clinical models for human cancer
The paradigm of translational oncology has shifted remarkably over the past decade, characterized by the launching of highly sophisticated molecular tools into the clinic. 25 However, there exists a missing connection between preclinical data and clinical findings. Although, a significantly huge amount of money is spent in the pre-clinical settings for target validation and drug optimization, most of the therapies fail in the clinical trials till date. This can be due to the reason that the models used in the pre-clinical setting are not the adequate ones to effectively mimic human responses. 26 
Cell lines
Almost three-fourth of the total publications in cancer research are based on the application of 112 different cell lines. 9 There are multiple reasons behind the usage of cancer cell lines as pre-clinical model of cancer such as they are cost-effective, immortalized, mostly homogeneous, easily perpetuated, and genetically alterable. Further, they possessed several intrinsic characteristics of cancer and have many genetic profiles and genomic modifications similar to that of primary human cancers. 27, 28 Further, cell lines confidently recapitulate the oncogenic alterations such as integrating somatic mutations, DNA methylation, copy number alterations, and gene expression identified in tumors. Moreover, it exerts usefulness in correlating the drug sensitivity/resistance with the alterations indicating the significance of tissue lineage in regulating drug response. 29 Owing to these, they possess manifold intrinsic advantages for cancer research and development of novel cancer therapies. Notably, although highly convenient, these models are associated with several limitations as well. 9, 27 For example, existence of genomic instability which may result in differences between the original tumor and the respective cell line, culture conditions that can alter the morphology, gene expression pattern, genomic profile, cellular pathways and culture environment from that of the original tumor, loss of natural tumor heterogeneity, etc. 27 Further, the generic transformations that occur upon culturing of the cancer cells are not restored when regrown in vivo. Besides, cancer cells in the in vitro condition grow in absence of stroma which include lymphatic vessels and blood, associated fibroblasts and immune cells, and lack a complex extracellular matrix. Therefore, in vitro data often exhibits fundamental mismatch with those obtained from clinical findings and hence this can be regarded as one prime reason behind the failure of novel drug development. 28 In a study conducted by Pathak et al. suggested that in order to evaluate the efficacy of a novel compound against cancer, the use of only murine cells is not sufficient but a variety of cancer cells, including those of human origin should be used. They observed that anvirzel, an extract of oleander (Nerium oleander), and oleandrin, the compound derived from it, effectively killed human cancer cells, but were unable to do the same in murine cancer cells. From these results, it is evident that anvirzel and oleandrin function in a species-specific manner and hence evaluating their effect only in murine cells will not help in getting proper idea of their effectiveness against human cancers.
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Animal models
Not only with in vitro, there are several problems associated with the in vivo models of cancer as well. For in vivo studies, different small-animal models of human cancer have been generated such as inbred strains that develop cancer spontaneously, rodents wherein cancer is induced through postnatal exposure to chemical mutagens or intrauterine, and mice in which tumors are induced with the help of bacterial or viral infection. 31 Mice and humans are believed to possess various notable similarities naturally as they are known to have diverged from each other. 32 Hence various mouse models are extensively used in cancer research as they provide prime resource for cancer chemoprevention studies as well for developing novel cancer therapeutics through recapitulation of human disease in mice and also enabling the researchers to study both normal and aberrant gene interactions in different tumor types. 33 The most commonly used animal model is athymic nude mice model because they have inhibited immune system due to which they are unable to reject human tumors. Besides, transgenic, gene knock out, xenograft, orthotopic, zebrafish, and several other animal models are used for carrying out different experiments. 9 These models are extensively used to study the processes of carcinogenesis, role of specific gene target in cancer together with cancer drug development and thus they offer a strong basis for evaluating the various aspects of translational and clinical oncology. 9, 28 The foremost shortcomings of the use of these animal models are their inability to recapitulate the link between the tumor and its microenvironment completely and the requisite of an immunocompromised host. 31 Basically, these animal models do not have the ability to reflect all the features of human cancer impeccably. This can be attributed to the presence of non-malignant cells and extracellular matrix within the microenvironment for the maintenance of tumor. Notably, the interactions between malignant and non-malignant cells decide the tumor fate and which in turn determines novel therapeutic regimen. However, replacement of these individual components with animal counterparts in the tumor site may change the tumor microenvironment remarkably. Further, inhibited immune system of animals in order to avoid rejection of human implants results in compromised normal function of the immune cells in the tumor microenvironment. 28 The risks of over dependence on mice has been highlighted in a recent 'experiment of nature' wherein the mice deficient in RIPK1, a protein kinase that regulates cell death, immediately died right after birth due to the essential role of RIPK1. However, this deleterious effect of RIPK1 was not observed in case of patients with inactivated RIPK1 gene as the loss of RIP1 solely induced immunodeficiency in the human. 34 In addition, cell line xenograft models possess multiple limitations despite their diverse range of applications such as genomic divergence upon extensive passages like differed gene expression, chromosome rearrangements, karyotype alterations, and disrupted growth rates. 28 Recently, patient-derived xenograft (PDX) mice models have gained notable attention in cancer research. However, the engraftment rate of different cancer tissues into mouse is highly variable and therefore some human tumor subtypes are not represented in these PDX mouse collections. 35 Notably, latest advances in the in vitro 3D culture techniques such as organoids have offered new opportunities to develop more physiological and novel human cancer models for translation of basic cancer research into novel treatment approaches for patients with cancer. 36 Further, human organ chips which recreate organ-level physical microenvironments, tissue-tissue interfaces, and vascular perfusion also helps in studying tissue development and pathophysiology. It serves as an important tool for studying how molecular, cellular, physical, and chemical cues work alone as well as together, to impact human tissue development and disease. 37 
Failure of most anticancer drugs in phase I trials in human
Despite the advances in understanding of cancer biology and deriving different novel therapeutic targets, the translation of these understanding into therapies is poor due to higher failure rate (90%). The high failure rate could be due to non-consideration of factors such as clinical translation, drug delivery, drug pharmacokinetics, pre-clinical models, and tumor physiology, which are critical factors. 38 Phase I trials in human are carried out to evaluate the safety and determine the maximum tolerated dose (MTD) of the drug of interest. While carrying out the same, the investigators of the trial must attribute the adverse effects as related or unrelated to drug studied. In general, the side effects related to drug studied are only taken into consideration which defines the MTD. 39 These adverse events are known as dose-limiting toxicities (DLTs) which change according to the cancer types and the studied drug and should be pre-defined clearly before starting the study. Notably, the toxicities generated should not be lifethreatening or irreversible to be regarded as DLTs; they simply have to be severe enough to terminate the treatment with that dose of the drug. 40 Challenges associated with phase I trials Phase I oncology trials are associated with several inherent challenges. Patients who did not respond to the all existing standard therapies are generally enrolled in this phase of trial. Therefore, there exist very limited treatment options for them with utterly short-life expectancy. 41 Over the last two decades, a good deal of studies have entered from preclinical to the phase I trial in human. However, the response rate obtained was around 4-10% only with a median overall survival (OS) of six months. 42 For instance, Smith et al. conducted two phase I clinical trials on the combination of idelalisib, rituximab, and lenalidomide in follicular lymphoma and mantle cell lymphoma. The doublets lenalidomide-rituximab and idelalisib-rituximab were combined safely and found effective in several clinical lymphoma settings. But several adverse effects such as fevers, hypotension, and rash, hepatotoxicity and pulmonary infiltrates were observed. Therefore, both the trials were dismissed. 43 Another phase I trial was conducted to access the safety and tolerability of idelalisib, lenalidomide, and rituximab in case of relapsed and refractory lymphoma. The trial enrolled a total of 11 patients of whom three had mantle cell lymphoma and eight had follicular lymphoma. In this trial, four patients were found to experience dose-limiting toxicities after 9-20 days of initiation of treatment, coinciding with rituximab infusions. Therefore, both studies were amended to eliminate rituximab, however two patients developed grade 3 rashes and for one patient grade 3 aspartate aminotransferase elevation was reported. As this trial was unsuccessful in meeting the primary endpoint of safety and tolerability, it was terminated. Collectively, this phase I trial led to the interpretation that the combination of idelalisib, lenalidomide, and rituximab is highly toxic and these trials serve as warning notes as new combinations are designed. 44 Further, the results of a phase I clinical trial of BEZ235 in advanced renal cell carcinoma (RCC) patients was reported by Carlo et al. in the year 2016. BEZ235 is a dual pan-class phosphoinositide 3-kinases (PI3K) and mammalian target of rapamycin (mTOR) inhibitor which is presently undergoing phase I/II clinical trials in solid tumors and hematologic malignancies. In this study, Carlo et al. reported increased administration of BEZ235 resulted in increased incidence of grade 3-4 side effects in 50% of the patients without objective responses in the evaluable patients. As pan-PI3K inhibitor attempts to stop the effect of total PI3K in tumor, it fails to exploit dependency to a particular isoform which in turn could avoid redundant effects through inhibition of other isoforms which have no role to play. 45, 46 Therefore, a new clinical trial is undergoing to assess the effectiveness of isoform specific PI3Ka inhibitor namely BYL719, together with everolimus in advanced RCC and pancreatic neuroendocrine tumor (PNET) patients. 45 Therefore, besides, effectiveness, emerging toxicities, and tolerability issues should be cautiously evaluated while assessing the biological agents either alone or in combination and should strictly be performed in clinical setting.
Attrition and phase I trials
Importantly, attrition is the foremost concern in anticancer drug development as up to 95% of drugs checked in phase I trials are not achieving the marketing authorization causing the process of drug development an extremely inefficient and costly affair. 47 In the United States, drug costs are also the focus of political discourse. 48 It is imperative that this problem is addressed throughout the entire drug development process in order to improve efficiency which will consequently benefit the patients with more profitable drugs. Mainly three approaches must be followed to decrease the cancer drug attrition rates; first better pre-clinical models must be included for the study, secondly clinical trials must incorporate the predictive and pharmacodynamic biomarkers and there should be more collaboration between the industry, academia, and regulators to guarantee that the interests of all the stakeholders are met. 47 
Efficacy of anticancer drugs approved and patient survival
Cancer is an utterly complex cluster of diseases with complicated processes of clinical development for oncotherapies. Before a new drug or biologic finally gets approved by the Food and Drug Administration (FDA), it passes through ample in vitro and in vivo research, and clinical trials spanning several years. Due to the complexity of cancer, clinical research for these anticancer drugs takes around 1.5 years on average longer than drugs for other diseases. 49 Long time taken for developing novel cancer therapeutics can partly be attributed to the slow progress in clinical development. 50 In the last two decades, the number of therapeutic regimens developed against cancer has doubled annually which can be attributed to the marked improvements achieved in cancer research through human genome sequencing, identification of vital signaling pathways, growth factors, and their receptors resulting in approximately 1884 phase I, 3436 phase II, and 1025 phase III cancer clinical trials 49 (Table 1) . But surprisingly, the success rate for cancer drugs from phase III clinical trials to final approval remains as low as 3.4% only. 52 A recent study reported that drugs and agents against cancer which are sponsored by small and medium-size companies possess remarkably less chance of getting approved. Not only that, the extent of benefit obtained in a clinical trial is found to be often less compared to the one predicted at the time of trial design as evinced by an analysis of 235 recently published data of phase III randomized clinical trials (RCTs), where 62% of the trials failed to obtain statistically significant results. 53 As a matter of fact, the median progress in survival of patients with solid tumors treated with 71 drugs was found to be 2.1 months only. There are a few examples of transformative cancer medicines with huge benefits to the patients. 55 For instance, in 2001, imatinib was approved for second-line therapy against chronic myeloid leukemia (CML) on the basis of hematologic and cytogenic response rates in trial participants. Six years after initial approval, the Insulin Resistance Intervention After Stroke study reported imatinib-treated CML patients had 0% disease progression rate with an estimated OS rate of 88%. 49 However, in most of the cases, the available cancer drugs exert survival benefits only to a marginal extent. In an evaluation of 71 drugs approved for treating solid tumors between 2002 and 2012, the median improvement in OS in pivotal trials was found to be only 2.1 months. Further, out of 47 consecutive approvals for cancer drugs, only 9% showed a relative improvement in survival of 25% or an absolute increase of 2.5 months. 56 Another report also showed that out of the 62 new active anticancer molecules approved by the FDA and EMA during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] 53 were assessed by the Australian, English, or French, or health technology assessment agencies through May 2015. Among these 53 drugs, 23 increased OS by three months or more, six of them improved the OS by less than three months, and eight caused increased OS by an unknown magnitude whereas the remaining16 failed to increase OS over best alternative treatments. Although 22 of 53 new medicines were found to cause an increase in quality of life (QoL), 24 reduced patient safety. 55 A systemic review and analysis was conducted by Jawed et al. to ascertain what percentage of the life expectancy gain in locally advanced and metastatic colorectal cancer (mCRC) in the past 20 years is as a result of novel therapies versus improvements in supportive care or secular trends and to thereby inform approaches for treatment development. The OS of patients with mCRC showed gradual improvement over the last two decades, with gains from chemotherapy, lead-time bias, and improved locoregional strategies and supportive care. First-line therapies showed modest but consistent gains; however, gains due to second-line therapies have been unsatisfactory. 57 Noteworthy to mention, the biological rebellion has offered us diverse targets against cancer; consequently, a plethora of relatively specific drugs are in the process of development whereas some of them are already in use after attaining approval. Although some patients are benefiting from those drugs, but the results of large randomized trials are often very discouraging. 58 For instance, almost two decades back, Mendelsohn and Baselga developed the first agents which target epidermal growth factor receptor (EGFR) pathway and showed quite encouraging outcomes in the in vitro setting. However, it exerted utterly low response rates in phase II trials in lung cancer whereas no significant response was observed in case of renal, colon, ovarian, and breast cancer. Similarly, gefitinib which showed 9-19% response rate initially was approved for non-small cell lung cancer (NSCLC). However, in subsequent randomized trial, the survival advantage was not achieved and hence the FDA limited the scope of its approval. 59 Further, combination of BRAF and MEK inhibitors, which was expected to be highly effective and mitigate drug response in the patients with melanoma showed complete response in only 13% of the patients with a median progression-free survival (PFS) of 11.4 months in all patients exemplifying the need of better therapies. 60 A phase III trial, ICON7 was conducted in 1528 women with ovarian cancer to access the efficacy of bevacizumab with standard chemotherapy. It was found that bevacizumab in combination with platinum-based chemotherapy failed to increase the OS but an OS benefit was observed in poorprognosis patients, thus indicating the importance of optimal usage of bevacizumab for the management of ovarian cancer. 61 In addition, arsenic has been used for treating chronic myelogenous leukemia (CML) in the 19th century in western medicine. Notably, arsenic trioxide (As 2 O 3 ) has been found to induce complete remissions in acute promyelocytic leukemia (APL) patients. At the same time, As 2 O 3 has been a well-known carcinogen and its administration was found to exert adverse effects on patients leading to its discontinued use against CML. Although, it is usually welltolerated by APL patients, side effects are encountered in a majority of patients receiving As 2 O 3 . Thus it is evident that As 2 O 3 is toxic to cells other than APL cells clearly suggesting it to have other effects or targets. 62 
Accelerated approval of drugs
Accelerated approval is an expedited regulatory pathway that permits a drug to get approval from the FDA on the basis of an endpoint which is regarded "reasonably likely to predict a clinical benefit". Drugs obtained accelerated approval must be further assessed in post-marketing studies to confirm the desired clinical benefit and may be promoted to "regular" approval if clinical benefit is confirmed or may be withdrawn from the market otherwise. 63 Immune checkpoint inhibitors like nivolumab or pembrolizumab target the programmed death receptor 1/programmed death ligand 1 (PD-1/PDL-1) and PDL-2 interaction. 64 The evaluation of the efficacy of PD-1 blockade in cancer patients having advanced mismatch repairdeficient (dMMR) cancers in 12 different tumor types showed sensitivity to immune checkpoint blockade, irrespective of the tissue of origin. 65 The FDA granted accelerated approval to pembrolizumab (Keytruda, Merck & Co) for the treatment of patients having unresectable or metastatic, microsatellite instable-high (MSI-H) or dMMR solid tumors that have progressed prior therapy and have no suitable treatment options. Till date, this is the first drug approved for use on the basis of a molecular biomarker, not traditional histopathologic diagnosis. 66 The approval was based on data obtained from 149 MSI-H or dMMR cancer patients registered across five uncontrolled, multi-cohort, multicenter, single-arm clinical trials. A maximum of 24 months of treatment was administered and overall response rate (ORR) obtained was 39.6% whereas responses lasted six months or more for 78% of those who responded to pembrolizumab. The common adverse effects to pembrolizumab include constipation, cough, decreased appetite, diarrhea, dyspnea, fatigue, musculoskeletal pain, nausea, pyrexia, and rash. Pembrolizumab exerted immune-mediated side effects, including pneumonitis, colitis, hepatitis, endocrinopathies, and 51, 66, 67 Another drug which achieved FDA's accelerated approval is ponatinib, a BCR-ABL tyrosine kinase inhibitor (TKI), the sixth drug approved for the management of CML or Philadelphia chromosome-positive acute lymphoblastic leukemia and indicated for patients showing refractory or intolerance to prior TKI therapy (Iclusig, Ariad Pharmaceuticals). On 31 October 2013, the FDA suspended marketing and sales of ponatinib. Just seven weeks later, the FDA partially reversed that decision, permitting use of the drug under a narrower indication. The primary advantage or benefit of this drug is its distinctive ability to target a gatekeeper mutation in BCR-ABL, the T315I transition, which confers resistance against all other approved TKI drugs; however, during withdrawal of ponatinib, the FDA indicated that the adversity of the drug, i.e. a substantial rise in arterial and venous thrombosis, outweighed the benefits. 68 
Use of surrogate endpoints
The efficacy of drugs approved via traditional and accelerated approval processes has been accepted by FDA through the use of surrogate endpoints. However, the method of surrogate endpoints brings the uncertainty regarding the risks and benefits of a drug as clinical value is not checked directly. Thereby it can introduce useless or even harmful therapies if the prediction of the benefit to the cancer patients could not be made or even if the drug has the inferior effect than expected benefit with larger than expected adverse effects. 69 Kim and Prasad investigated the surrogate-survival correlation in 55 FDA surrogatebased approved cancer drugs. It was found that 14 out of 25 accelerated approvals and 11 out of 30 traditional approvals lacked formal analyses of the strength of the surrogatesurvival correlation, thus implying the need to reconsider this method of drug approval. 70 Most trial-level meta-analyses showed poor correlation between surrogate end points and the OS. 71 It has been reported that 18 out of the 36 cancer drugs approved by the FDA based on surrogate endpoints between 2008 and 2012 did not show OS benefit. 72 An analysis of 65 eligible trials by Prasad et al. showed that more than half (52%) of reported correlations were of low strength, 25% showed medium strength, and only 23% were highly associated with survival. Hence, supportive evidence of the use of surrogate end points as means of approval of new cancer drugs and determining treatment options for cancer patients is limited. 71 Therefore, one of the prime reasons for inflated cost of cancer therapy is that new drugs which have no significant clinical benefit get approved by the FDA and are available in the market at prices similar to the most expensive ones. 72 Further, Kemp and Prasad demonstrated that the trend of using surrogates in oncology is common and increasing. Although, the association of surrogates used and clinically meaningful outcomes is either unknown or weak. Therefore, there should be restricted use of surrogate outcomes in situations where it has shown robust ability to predict meaningful benefits, in cases which are difficult to handle with limited treatment options. 73 Another study suggested that if the drug approval is based on the surrogate end point like the response rate or PFS, the subsequent studies must be performed and the drug's effect on OS must be clarified. 74 The findings of Wilkerson and Fojo suggested that the PFS cannot be taken as a surrogate for OS. It is however, the measure of benefit during therapy and cannot predict the tumor growth after termination of the treatment. Therefore, PFS should not replace OS in regulatory approval consideration. 75 
Randomized clinical trials
Randomized clinical trials (RCTs) are the main assessment carried out for novel therapeutics where study drugs have been traditionally tested in the sickest patients and later developed in a more wider population. 76 It is observed that in most of the clinical settings, there is statistically significant under-representation of the elderly patients; aged 70 years. 77 Therefore, although the benefit of most cancer drugs are seen in carefully selected, young, healthy populations, evidence exist that the real-world use of novel anticancer drugs may fail to retain the same benefits observed in clinical trials. For example, sorafenib tosylate, an oral TKI, is the only FDA-approved therapy for advanced or metastatic hepatocellular cancer. The pivotal, placebocontrolled trial leading to FDA approval enrolled patients with a median age of 65 years. In this population, sorafenib extended median survival by 2.8 months resulting in its approval. However, in reality, they fail to validate the results of the pivotal sorafenib trial. Second, they show that in actuality, the outcomes are far poorer than that of the trial. 56 Therefore, strategies may be required to evaluate cancer therapies for the elderly patients in clinical trials and develop cancer care among the elderly people. 56 However, to the few sections of biomedical authors, medical practices have been analogized with the parachute as they believe that all the medical practices carry large magnitude of benefit and performing RCTs are unnecessary. However, the ground reality is at far and the most parachute analogies in medicine can be treated as inappropriate, incorrect, or misused. 78 
Genome driven treatment approaches
Notably in the present days, patients eligible for genomedriven treatment has increased, which could help a minority of patients with advanced cancer. The estimated number of patients qualified for genome-targeted therapy was 28,729 out of 564,830 patients with metastatic cancer in 2006. By 2018, this number had improved to 50,811 (8.33%) from a total of 609,640. In case of genomeinformed therapy, the eligible number of patients was 59,301 (10.50%) out of 564,830 in 2006. 79 On 6 March 2018, the US FDA granted the first marketing authorization to a personal genomics and biotechnology company namely 23andMe, in order to access three BRCA1 or BRCA2 mutations to identify women with higher risk of breast cancer. This authorization was based on the accuracy and reproducibility of the test for three BRCA mutations that are most prevalent in people of Ashkenazi Jewish descent, but which also occur in the general population. Consumers simply need to mail a swab of saliva to 23andMe and get the results in a time span of 6-8 weeks at $199.3. 80 However, sometimes in these online gene tests, direct-to-consumer results and third-party analyses may be wrong. For instance, Dr Joshua Clayton of 29-year-old age sent a sample of his saliva to 23andMe in order to learn about his ancestry. His report was a quite ordinary one with no new disclosures. But when he sent the profile created by 23andMe to a separate company called Promethease for an extensive in-depth analysis for genetic mutation, he was detected with a mutation linked to Lynch syndrome, a serious genetic disorder which leads to potentially deadly cancers at an early age. However, after subsequent genetic test at another company with expertise in medical diagnostics, he finally got to know that he did not have the mutation as the result was wrong. Therefore, the third-party analysis of raw DNA is not as rigorous as that done in a certified laboratory and hence their results cannot be considered as conclusive at all. 81 Further, in the present days, people suffering from advanced cancer have been offered the hope of precision cancer medicine (PCM). 82 PCM is a concept in which targeted therapies are adapted to match the complexity of the cancer genome. 83 It employs genetic testing of the patients to find the most suitable drugs targeting specific mutation in the tumor, hoping for facilitating better outcome of the patients. However, precision treatments neither improve the patients' survival nor induce better outcome in controlled studies. Thus, precision strategy requires further verification before using it for primary care. 84 In addition, this method of treatment faces the criticism of overhyping as the pace of development of the genome-guided drug is very slow and patients who are likely to be benefitted from these drugs are very less in number. 82 
Blood-based approaches
One of the recently developed method based on the blood test namely tumor mutational burden (TMB) might prove to be beneficial in cancer treatment. It would be of more help where collecting tissues from the cancer patients is difficult and moreover, it is less invasive. The need of the hour is to develop those tests which can help in the prediction of immunotherapy especially the checkpoint inhibitors which can enable the immune cells to attack the tumors. The recently approved drug targeting has transformed cancer care and TMB test can certainly improve the treatment. Due to the high importance, FDA has designated the blood TMB test a "breakthrough device". 85 In 2016, the US FDA approved the use of Epi proColon, the first bloodbased screening test for colon cancer that relies on the detection of the methylated septin 9 gene (SEPT9). This screening method addresses the limitation of conventional methods of screening such as stool-based tests and may potentially increase the number of individuals who undergo colon cancer screening. However, a clinical trial showed that SEPT9 test considerably enhanced sensitivity but significantly reduced specificity compared to fecal immunohistochemistry testing. Hence, whether this blood-based assay will reduce colorectal cancer mortality remains questionable. 86 
Analysis of cytostatic and cytotoxic agent
Ever since the traditional cancer chemotherapy and novel target-based agents were developed, the significance of cytostasis in therapies against cancer has always been controversial. Cytostatic drugs stop cancer cell proliferation without killing them. Notably, agents which are presently considered as cytotoxic have been observed to cause cytostasis or clinically stable disease for many years and were considered as ineffective. Therefore, the method of analysis of value of a putative cytostatic agent in a randomized phase III study should be different from that of a cytotoxic agent. 87 
Drug development duration and dosing options
Aforementioned, it takes almost 6-12 years to develop an anticancer drug starting from discovery to final approval. To illustrate the significance of rapid drug approval, Stewart et al. calculated life-years possibly saved if selected agents were approved faster using 27 trials showing survival benefits. They found that if the time required to take a drug from discovery to approval is lessened to five years, the median life-years saved per example would have been 523,890 globally. This clearly implies that a considerable amount of life-years could be saved plausibly through increased efficiency of novel drug development for advanced neoplasms. 88 Further, in the development of different oral agents against cancer, dosing options are random and limited by pills' size. Prasad et al. reported that this limited dosing options frequently resulted in large dose adjustments in response to toxicity which might lead to reduced real-world clinical effectiveness of oral anticancer agents resulting in differed outcomes than those achieved in registration trials. 89 The immigration policy that halts the entry of best from coming to train as well as work in the United States and discourages the American trainees and faculty from traveling to other countries is a regressive step which will ultimately harm the patients and America's place as a global leader in healthcare and innovation. 90 
Non-inferiority trials
Intensified interest in comparative effectiveness research has made one-on-one assessments between drugs against cancer quite common. One strategy is non-inferiority trials, which often rely on points other than efficacy, like safety, QoL, convenience, and cost to update treatment decisions. As no specific guidelines exist in this regard, therefore these comparisons can emphasize randomly on specified endpoints or draw conclusions regardless of limited participation and treatment time surveyed and thus risks abusing of patient-reported outcomes. 91 Further, the phrase "unmet medical need" requires a clearer definition and standardization as it is generally used to describe cancers that are rare, with little or no curative potential and poor survival outcome. However, it is also used to refer commonly diagnosed cancers, indolent, having several treatment options with better survival rate. Lu et al. identified 237 cancer indications which are regarded by the authors as "unmet medical need". Out of these 237 indications, the term was mostly used for breast cancer indications (30/237 citations) followed by lung (24/237), hepatocellular (18/237), and prostate cancer (13/237). 92 
Clarified ethical conduct and geriatric oncology in low-and middle-income countries
In addition, conducting RCTs for cancer medicine in lowand middle-income countries have raised questions such as, what could be the suitable control arms and what the obligation of trials sponsors towards the host communities. It is noteworthy that a placebo-controlled trial can be ethical if the tested treatment has a feasibility of being employed in the host community. Many of these trials would not have been possible in developed countries like US as majority of clinicians would have objected in subjecting their patients where they have 50% chance of being randomly assigned to interventions considered inferior by previous studies. Thus, it is imperative to clarify the ethical conduct of clinical trials in the developing countries. 93 Additionally, the recent days have witnessed a faster pace of population aging in middle-income countries as compared to the high-income countries. Mexico which belongs to middle-income countries having the second largest economy in Latin America is also undergoing rapid population aging and the number of new cancer cases in the overall population is expected to increase up to 75% by 2030 and nearly 60% in the elderly population (aged 65). The elderly population of Mexico suffers extreme poverty with low education attainment and devoid of any health insurance schemes. As a result of these problems, the elderly people in Mexico are more prone to the effects of the rising cancer burden and encounters difficulty in measuring highquality cancer care. Therefore, it is recommended that geriatric oncology should be Mexico's urgent public policy. 94 
Emphasis on the consideration of proven therapies
Further, reports suggest that cancer drugs or combinations that have not completed the phase I, II, or III stages of drug development have been used to treat cancer patients who have exhausted recommended treatment options. Mailankody and Prasad believed that unsafe drugs or combinations should not be applied regardless of theoretical efficacy or cost. 95 The systematic evaluation of cancer drugs approved by the EMA between 2009 and 2013 showed that the most drugs came to the market without any evidence of benefit on the QoL or survival of cancer patients. In addition, if survival gains over existing treatment options or placebo were observed, they were found to be minimal. 96 The study by Lammers et al. indicated that the substantial percentage (36.0%) of approved cancer drug have not presented efficacy data within 30 days of approval. Moreover, it was observed that the efficacy data are difficult to find from other sources. Adding to this problem, the current policies adopted by newer, costly drugs, and broadening market share may dampen the sponsors from applying for the formal approval, depending on the robust studies, for the off-label uses of drugs. 97 In order to reduce the delay and improve the access of cancer drugs including those which were earlier considered but not approved by National Institute for Health and Care Excellence, the NHS Cancer Drugs Fund was established in 2010. However, the evaluation of its impact on the society has suggested that it has not served meaningful value to the cancer patients. 98 The process of overturning an accepted practice such as diagnostic test, medication, or procedure is known as the medical reversal. It can be due to the inferior effect to a preexisting, less intensive, or less invasive one. It can be the result of the inferior effect than no intervention. The need of the hour is to prove the efficacy of the interventions rather than just assuming that all the new therapy certainly leads to a better outcome. The emphasis should be on the consideration of only proven therapies along with the preparedness for the setbacks. 99 
Hazard ratio
In comparison to Kaplan-Meier plot, which emphasizes the number of patients persisting to do well at the completion of the time of interest, the hazard rate and hazard ratio focus on the opposite that is the patients who have not done well and would face a hazardous event. The hazard ratios data give the clearer picture of the treatment success and should be included in all the reports of clinical trials. 100 Thus it is evident that clinical trials are one of the main aspects for determining the safety and efficacy of drugs. However, it is observed that they are quite expensive, time-consuming, and require ample resources. Nevertheless, it is worth to invest in high-quality clinical trial data to get the proper and strong evidence to ultimately benefit the cancer patients. 101 Cost of anticancer drugs approved by the FDA The economic burden imposed by cancer is escalating due to the rise in the cost of cancer drugs at an unprecedented rate 102 (Table 2 ). In US, cetuximab treatment for 18 weeks against NSCLC costs around $80,000 in average, which translates into $800,000 to extend the life of one patient by a year. Similarly, bevacizumab costs $90,000 to treat an average patient whereas erlotinib and sorafenib cost approximately $16,000-$34,000 for one patient. 132 Notably, in the past decade, funding by the government of US and others for cancer research has stagnated, whereas the demand for investment has grown remarkably due to the ever increasing incidence of cancer across the globe. 102 A study by Moore et al. suggested that the high cost of the trials was associated with proving the efficacy of new agents as non-inferior to the already available drugs. Moreover, trials are expensive due to the involvement of the larger patient populations so as to attain statistical power to provide evidence for smaller therapeutic regimen. 227 The average launch price of anticancer drugs, adjusted for inflation and health benefits, was found to increase by 10% annually from 1995 to 2013. 228 As per the report by the IMS Institute for Healthcare Informatics, cancer drugs' global market has reached $100 billion in annual sales. 229 It was reported that from 138 pivotal ....................................................................................................................................................... Remarkably, the anticancer drugs are much more expensive than the drugs from other divisions of health care which raises concern to the patients, physicians, policy researchers, and also the society. 230, 231 In addition, novel radiotherapy technology which includes proton therapy also comes with a massively high price tag. 232 Recently, an analysis of US Securities and Exchange Commission filings for drug companies with no drugs on the US market which obtained FDA approval for cancer drug from 1 January 2006 to 31 December 2015 was carried out including 10 companies and drugs. They found that the median time taken by these companies to develop a drug was 7.3 years. The study also reported that five drugs received accelerated approval from the FDA, five received regular approval and the median cost of drug development was $648.0 million. 233 Further, a report by Mailankody and Prasad has indicated that the price of cancer drugs is not based on novelty as the median wholesale price of 30 next-in-class drugs approved over a period of five years and 21 novel drugs were found to be almost same. 230 Recently, there has been a drastic hike in the price of older drugs. For instance, Turing Pharmaceuticals increased the price of one tablet by 5000% (from $13.50 to $750). Again, the price of EpiPen was increased to more than $600 which earlier costed $100. The rise in the price of older drugs is highly objectionable considering the fact that the expenses for research and development was occurred quite before and almost definitely been recouped. 234 Additionally, it is also noteworthy that there exists a very little difference in prices of drugs approved on the basis of response rate with those approved depending on the time-to-event end points. 230 These clearly imply that the current pricing models of cancer drugs are highly non-rational. Further, the fact that the prices of drugs against cancer vary around the world and that no uniformity exists in the variation. 235 The survey on the official prices of 31 cancer drugs in 18 different countries as published by Vogler and colleagues has shown sizable differences in price for the same drug in these countries. Thus, the price of cancer is not only limited to human suffering, but it increases the burden on the national GDPs as well due to premature mortality and morbidity. 236 This strongly demands the need for greater transparency. 235 Further, aiming to lower the costs and improve the value, the Centers for Medicare & Medicaid Services has proposed several measures such as improving incentive for better clinical care, discounting or eliminating patient cost sharing, feedback on physician's prescription, and pricing of drugs based on its effectiveness. 237 Although the costeffectiveness analyses showed the tremendous cost of some cancer drugs as reasonable, majority of novel hematologic malignancy drugs failed to meet the value for the price. Further, empirical evidence revealed that most cancer drugs do not reach the conventional cost effectiveness thresholds, thus implying the crucial requirement to reconsider the current pricing of cancer drugs. 238 The examination of the work for the contribution of National Institutes of Health (NIH) funding to published research linked with 210 new molecular entities (NMEs) approved by the FDA during 2010-2016 suggested that the NIH contributes to new drug approvals through research is greater than earlier expected. Moreover, it was found that the NIH research budget was more concentrated on the basic research for translating the new products. Any decrease in the funding can result in the slow pace of the research which could cause the delay in the outcome in terms of the emergence of new drugs in the near future. 239 The examination of the presence of financial ties to drug makers among academics with research productivity showed a positive correlation. However, further analysis must be extended to validate these findings and if proven some policies must be framed to provide alternative incentives to physicians who could not make industry payments. 240 The analysis of the differences in the guidelines for the approval of anticancer drugs by the National Comprehensive Cancer Network (NCNN) and FDA indicated that the NCCN recommendations are weak. It was observed that the NCCN defends the coverage of expensive, toxic cancer drugs based on weak indication. 241 Further, the study on evaluating the benefits of the US FDA's pediatric exclusivity program extension (2007-2012) by Sinha et al. has suggested that it provided significant information about the safety and efficacy of drugs used for pediatric population. Although, it was observed that the cost to consumers was high and the clinical trial was costlier. 242 Potential solutions to the problem for prevention and treatment of cancer Development of new drugs till the final approval by FDA is extremely expensive which costs around two billion dollars. Although the chief reason behind this excessive high cost remains unknown, high failure rates of trials related to novel drug discovery at the pre-clinical and clinical settings contribute enormously to it. Although many monotargeted therapies have been developed for diverse cancers, such strategies have had little effect in the prevention or treatment of different malignancies. 243 Targeted therapy which involves different strategies such as monoclonal antibodies, prodrug, small molecule inhibitors, and nanoparticulate antibody conjugates has gained enormous attention in the recent days due to their specificity towards cancer cells without causing toxicity to off-target cells. However, newest findings suggest that tumor heterogeneity with reference to molecular targets leads to failure of these targeted therapies in many cases. 244 Some potential solutions for the prevention and treatment of cancer are illustrated below.
Natural therapies
Since ages, compounds derived from Mother Nature, especially plants have been the primary source of medicine and health not only due to their safety, affordability, effectiveness but also due to their ability to modulate multiple cell signaling pathways. Further, increasing lines of evidence clearly imply that more than 70% of the current drugs are of natural origin. [245] [246] [247] Notably, a vast majority of world's population relies on plants for their primary healthcare. 245 Reports suggest that people of Southeast Asian countries possess lower risk of developing colon, gastrointestinal, prostate, breast, and some other cancers due to their dietary habits as dietary constituents are considered to offer protection against diverse cancers.
248 Dietary phytochemicals contain various active components with potent chemopreventive properties such as curcumin, genistein, resveratrol, diallyl sulfide, S-allyl cysteine, allicin, lycopene, capsaicin, diosgenin, [6] -gingerol, ellagic acid, ursolic acid, silymarin, anethol, catechins, eugenol, isoeugenol, isothiocyanates, indole-3-carbinol, isoflavones, phytosterols, folic acid, b-carotene, and flavonoids. These components are extremely safe, possess multi-targeting ability, cost-effective, bioavailable, and also serve as better ligands for biologically active proteins. 249, 250 A recent paper reported that insectivorous plants which are rich in secondary metabolites provide benefits against cancer. For instance, metabolites like napthoquinones, phenolic acids, and flavonoids are present in the plants such as Drosera indica, Dionaea muscipula, Darlingtonia, and Sarracenia, which contribute enormously to their potent anticancer property. 251 For the period of 2005 to 2007, a total of 13 different drugs based on natural products were approved and five of them represented the first members of new classes of drugs: exenatide, ziconotide, ixabepilone, retapamulin, and trabectedin. Further, the structures of these natural products possess high chemical diversity, biochemical specificity, and various other molecular features, making them highly promising as lead structures for drug design. 252, 253 Despite these advantages and the past achievements, research into natural products in drug discovery screening in the pharmaceutical companies have decreased remarkably in the last decade. This might be due to the apparent difficulties associated with natural products which include technical obstructions in screening them in highthroughput assays against different molecular targets. 254 For instance, one such highly promising medicinal plant is Azadirachta indica, commonly known as neem, belonging to Mahogany family. Various parts of this plant have been used for the treatment of diverse human ailments since olden times and also showed anticancer effect in the preclinical findings. Despite the identification of more than 300 components from neem, the effect of only very few were assessed in details. 245 Deciphering the effect and mechanism of action of all the compounds present in such precious medicinal plants hold immense prospect in the development of novel therapeutic strategies against diverse cancer types. Notably, recent advances in genomics and structural biology provide a clearer picture of the diversity of proteins targeted by molecules of natural origin thereby developing an interest in natural products for drug discovery. 249, 252, 253, 255 Overthrowing the technical disadvantages associated with natural product research definitely provides better opportunities to unravel the biological features of previously inaccessible natural product sources. Further, chemical diversity of natural products is perfectly suitable to provide the core scaffolds for novel drugs and therefore further developments in using newer natural products and chemical libraries based on them possess enormous prospect in drug discovery crusades. 253 Additionally, a method of drug discovery involving the generation of natural products' based molecular diversity in combination with synthetic procedures undoubtedly displays the most wellsuited solution to discover and develop effective drugs. 256 
Multi-targeted agents
Till date, different drugs have been developed against various targets such as tyrosine kinases, diverse membrane proteins, and enzymes for the treatment of varied cancer types and they also obtained FDA approval (Figures 1-4) . Interestingly, one leading paradigm in drug discovery is to develop regimens with high selectivity to act on individual drug targets. 257, 258 With this mono-targeted approach, many novel entities have been designed and further got approval as drugs. 257 However, these drugs had hardly exerted efficacy against cancer as it is a complex disease characterized by diverse molecular and genetic variations. Due to this enormous biological diversity, targeting a single target is not sufficient to combat cancer. Instead, multitargeting approach holds prospect in this regard. 259, 260 Multi-targeted therapeutics can be accomplished either through combination of single targeted drugs or via administration of a multi-targeted agent. The combinatorial treatment approach using agents with distinctive molecular mechanisms is considered to be highly promising for better efficacy as use of multiple agents is frequently limited by drug-drug interactions and dose-limiting toxicities. In addition, the use of a single agent is generally much more cost-effective than two separate agents. 257, 261 Some other important yet added advantages of using a single multi-targeted agent include the avoidance of different bio-availabilities as well as pharmacokinetics and metabolism of each component within the combination regimen. Further, the simplified dosing regimen would greatly aid in enhancing the therapeutic efficacy and exert minimal side effects. 257 These findings clearly indicate that the use of more unspecific agents with ability to modulate different targets simultaneously offer high prospect. 259 Increasing lines of evidence suggest that "natural products" such as isoflavones, indole-3-carbinol, and curcumin inhibited the growth and induced apoptosis of cancer cells effectively by targeting multiple signaling pathways in vitro without causing much toxicity to the normal cells. Therefore, these non-toxic "natural products" could be of immense use in combination with conventional chemotherapeutic agents as well for treating diverse human malignancies effectively without exerting much toxicity. [261] [262] [263] For example, curcumin, a component of a spice native to India, was found to exhibit potent antioxidant, anti-inflammatory, antiviral, antibacterial, antifungal, and anticancer activities. It modulates diverse transcription factors, inflammatory cytokines, enzymes, kinases, and various other proteins and can regulate the growth of tumor cells effectively through modulation of multiple cell signaling cascades. Further, it was also reported that curcumin can interact with almost all the targets regulated by FDA-approved anticancer drugs. [264] [265] [266] Again, silymarin, another multitargeting agent also showed anti-inflammatory as well as anti-metastatic activity and modulated the expressions of cell cycle regulators and proteins involved in apoptosis. 267 Recent studies identified niclosamide as an effective anticancer agent with ability to inhibit Wnt/b-catenin, mTORC1, STAT3, NF-jB, and Notch signaling pathways. Further, it was also reported to target mitochondria in cancer cells to induce cell cycle arrest, growth inhibition, and apoptosis. 268 In addition, tocotrienols, analogs of vitamin E also have gained considerable attention due to their effectiveness and their ability to inflect various targets which are strongly involved in cancer cell proliferation, survival, invasion, angiogenesis, and metastasis. Further, tocotrienols can chemosensitize cancer cells to celecoxib, doxorubicin, erlotinib, gefitinib, gemcitabine, paclitaxel, statin, etc. effectively. 269, 270 Thus it is well affirmed that targeting different biochemical and molecular signaling pathways provides the most well suited and effective strategy to deal with carcinogenesis and overcome resistance to mono-targeted agents. Therefore, exploration of more of these multi-targeted agents, especially those of natural origin and their thorough investigation in pre-clinical and clinical setting would definitely pave way towards successful prevention and treatment of diverse neoplasms.
Cost
Cost of novel anticancer drugs are extremely high which affects the patients and payers globally. 271 For the last 25 years, well-meaning bureaucratic functionaries have introduced numerous new guidelines without consulting any clinical investigators or field testing which resulted in delayed development of new treatments, subdued innovation together with driven up drug costs remarkably. 272 The use of costly therapies with minimal benefits for their approved and unproven indications contributes hugely to the growing cost of cancer care, also known as "financial toxicity" which results in poor health-related and nonhealth-related issues to the patients. 273, 274 Moreover, the survival benefits of certain newer anticancer drugs may be just a few months more than that of the already existing treatment but at a reasonably higher cost. 271 Considering the complication of this matter, evidently, no single solution will suffice. Adopting approaches like macroeconomic basis of cancer costs' re-engineering, education of policy makers, and a transparent regulatory system might offer some potent solutions to this problem. 275 A fair drug price is of vital importance which not only reflects its true benefit but also the societal and personal costs. Further, deciding the price of cancer drugs solely by pharmaceutical companies could make our health care system as well as Medicare completely penniless and is absolutely unfair not only to the cancer patients, but also to the whole society. 276 Another plausible approach is the introduction of generic and biosimilar drugs. Generic drugs are same as brandname drugs which are used in similar treatment programs for the approved indication and also at comparable dosing levels. On the other hand, biosimilar drugs possess high similarity with the FDA-approved biological agent, with no clinically meaningful differences with regard to safety, efficacy, or purity. Filgrastim-sndz which was developed in 2015 is the first FDA-approved biosimilar drug as an alternative to filgrastim to treat neutropenia in cancer patients. Compared to filgrastim, the cost of biosimilar filgrastimsndz is around 15% lower in the USA and 30% lower in Europe. 231 Thus they offer a relatively inexpensive treatment choice and may provide relief to the increasing costs of cancer drugs. However, design of strategies to obtain enhanced uptake of biosimilar drugs is highly critical. Another plausible solution is the development and use of biomarkers of drug response to enable reduced use of costly drugs which are improbable to benefit the patients on the basis of disease characteristics. For example, screening for PD-1 and/or PDL-1 provides targeted treatment and reduces the use of expensive PD-1/PDL-1 inhibitors in patients who would not benefit. However, impact of biomarker screening may depend on the approval status of a drug in relation to the discovery of the biomarker. 277 Aforementioned, FDA approved pembrolizumab based on molecular biomarker for patients bearing MSI-H or dMMR solid tumors which have progressed on prior therapy. Approval of such drugs has interweaved the translation of basic science to clinical settings, restricting treatment on the basis of genetic subgroups and the flexibility of the FDA to approve drugs on the basis of early as well as favorable data. 66 In addition, the application of dose individualization concept depending on body surface area may cause reduced expenditure of anticancer drugs. A study was conducted to determine if the rational application of dose individualization leads to reduction in anticancer drugs' costs where 18 different anticancer drugs were given 939 times. They found that if dosage was sternly based on body surface area, drug costs would have been 509,664 Euro. Rounding off to total ampoules with a dose margin of maximum 10% would have caused 8.6% lessening of cost. 278 
Safety
The cancer drugs approved by FDA are mostly associated with adverse side effects. Therefore strategies to overcome these toxicities are of vital importance. For instance, doxorubicin (adriamycin) exerts notable anticancer effect, particularly in solid tumors. Further, it was reported to exhibit a higher therapeutic index compared to some other anticancer drugs like daunorubicin, with minor change in its structure. However, cardiotoxicity generated due to its use presents a major limitation. Nevertheless, it can be prevented by liposomal encapsulation as liposomalencapsulated doxorubicin is reported to exert less cardio toxicity and it was also approved by FDA for treating ovarian cancer and multiple myeloma. Various reports suggest that treatment related toxicities can be prevented through different pharmacologic substances such as a-tocopherol, ascorbate, vitamin E, and N-acetylcystein. Vitamin E and ascorbate are antioxidants which were found to inhibit the formation of free radicals. Qishenyiqi pills were also reported to cause improved cardiac activity through inhibiting the apoptosis of myocardial cells. Again, N-acetyl cysteine is shown to increase non-protein sulfhydryl contents of heart, thereby preventing drug induced cardiomyopathy. 279 Therefore encapsulation with these substances may provide protection against cardiotoxicity induced by anticancer drugs. In addition, cytoprotective agents reduce the toxicity related to anticancer treatment and also help to increase the dose as well as dose intensity of radio and chemotherapy. One such organic thiophosphate is amifostine, which provides selective protection to the normal tissues as well different organs without exerting much toxicity. Clinical studies depicted that amifostine provided protection against nephrotoxicity, neurotoxicity, myelotoxicity, mucositis, and esophagitis in patients treated with radio and chemotherapy. Amifostine is well tolerated in 740 or 910 mg/m 2 doses and interestingly, studies in both pre-clinical and clinical settings did not report to hinder the antitumor efficacy due to its use. 280 
Prevention and treatment
It is well evinced that only 5-10% of all cancer cases is attributed to genetic defects, whereas environment toxins, unhealthy lifestyle, and diet account for the remaining 90-95% cases. Of all cancer-related deaths, almost 25-30% are due to use of tobacco, 30-35% are associated with unhealthy diet, approximately 15-20% are due to infections, and the remaining are caused by other factors such as exposure to radiation, stress, physical inactivity, and environmental pollutants. 281 As mentioned, maintaining a healthy diet plays an inevitable role in cancer prevention. Low use of fibers, consumption of red meat and an imbalance of omega-3, -6 fats may enhance the risk of cancer. On the other hand, high intake of fruits and vegetables may considerably lower the risk of cancer. Moreover, use of digestive enzymes and probiotics as oral supplements is another anticancer dietary measure. 282 The chemoprotective effect of fruits and vegetables also holds true for different cancer types including cancers of the colon, esophagus, endometrium, oral cavity, lung, pharynx, pancreas, and stomach. 283, 284 Therefore, by embracing a healthy diet which include smoking cessation, increased intake of fruits and vegetables, moderate use of alcohol, caloric restriction, minimal meat consumption, use of whole grains, and maintaining a healthy lifestyle regime including regular exercise, less direct exposure to sunlight, use of vaccinations, and regular check-ups, this deadly disease can be prevented. 285 In addition, personalized cancer medicine offers a huge benefit in the treatment of cancer. It can be done through a national facilitated access program and registry for off-label use of targeted anticancer drugs. With the help of such program, patients can be benefited by receiving the targeted agent matched to their tumor profile. 286 Again, centrosome clustering mechanisms are also attractive theranostic targets against cancer. 285 When cancer is diagnosed, besides medical consultation, cancer patients seek advice and counsel from close family and friends. Hence, medical advice in the care of a friend, loved one, or close associate by an oncologist can be of immense help. 287 Further, the Ayurveda, Siddha, and Unani (ASU) education system require a reform at every level to produce expert, resourceful and informed graduates who can certainly contribute to the betterment of the society. 288 
Conclusion
Cancer is an extremely complex disease caused by the deregulation of multiple genes, proteins, and pathways. Advancements in molecular biology and high throughput screening technologies led to the development of different target specific drugs for the treatment of cancer. But unfortunately, none of them is effective and devoid of toxicities and hence fails to combat cancer despite the fact they are extremely expensive. As a matter of fact, in almost all the cases, taking a single drug against cancer from discovery to testing to market costs around $1 billion. This review summarizes the advantages as well as limitations associated with various aspects of cancer diagnosis as well as treatment. While cell lines and animal models possess ample advantages for cancer research and development of novel cancer therapies, reports indicate that these pre-clinical models are highly incomplete and data obtained from them shows a fundamental mismatch with those obtained from clinical findings. This presents a major obstacle in the development of effective anticancer drugs. It is well evinced that inflection of numerous transduction cascades presents a convincing tactic to the actuality of carcinogenesis and the growing issue of emerging chemoresistance. Therefore, a multidisciplinary drug discovery approach which includes the generation of novel molecular multiplicity from natural sources, together with synthetic procedures might offer key solution to the discovery and development of safe, effective and affordable drugs against diverse neoplasms.
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